Two experiments using a probe-RT paradigrn showed that partial information about the size of a stimulus can influence response processes before complete size information is available. Contrary to the asynchronous discrete coding model, these results suggest that the perceptual system may transmit to the response system information that only partially specifies a single stimulus attribute. In combination with previous findings, these results also suggest that there are at least two dissociable forms of selective preparation for a given response.
Two experiments using a probe-RT paradigrn showed that partial information about the size of a stimulus can influence response processes before complete size information is available. Contrary to the asynchronous discrete coding model, these results suggest that the perceptual system may transmit to the response system information that only partially specifies a single stimulus attribute. In combination with previous findings, these results also suggest that there are at least two dissociable forms of selective preparation for a given response.
One of the most common assumptions about human information processing is that the flow of information through the nervous system can be decomposed into distinct stages (e.g., Donders, 1868 Donders, /1969 Sternberg, 1969) . For example, when the presentation of an object requires the performance ofan action, the hypothetical stages may include stimulus detection, stimulus identification, selection ofa response, response preparation, and response execution. Sternberg (1969) suggested that such stages occur in strict succession (i.e., in discrete stages), so that each stage can begin only after the previous stage has finished. Because the stages do not overlap, this conception predicts that the reaction time (RT) to a stimulus can simply be interpreted as the sum of the durations of the individual stages.
In contrast, other theorists have proposed continuous models in which stages' may overlap in time (e.g., Eriksen & Schultz, 1979; McClelland, 1979) . For example, suppose that the perceptual stage carries out a number ofseparate analyses on a given stimulus, and that as soon as the first analysis has been completed, its result istransmitted to the next stage. This next stage could then start processing based on the initial output from the perceptual stage, even though it would continue to receive more perceptual information as further discriminations were made. Ifthese models are correct, response-level processing could begin before perceptual analysis completed, and RT could not be understood as simply the sum ofthe times for each of the processes required by the task.
As has been noted previously (e.g., Miller & Hackley, 1992) , neither discrete nor continuous models need be applicable under all circumstances, so the goal in studying these models is not so much to decide which one is true as to understand the conditions under which each model best describes the way we process information. For example, Meyer, Yantis, Osman, and Smith (1985) found evidence that processing tends to be discrete in tasks with few responses and compatible stirnulus-response (S-R) mappings but tends to be continuous when there are many responses and incompatible S-R mappings. In addition, Miller (1982 Miller ( , 1988 found evidence that processing tends to be discrete when the stimuli vary with respect to a single attribute. A further complication is that some pairs of successive stages may overlap, whereas other pairs may operate in strict sequence (Miller, 1988) .
A number of researchers have looked particularly at the temporal relationship between the perceptual and response preparation stages (e.g., Coles, Gratton, Bashore, Eriksen, & Donchin, 1985; De Jong, Wierda, Mulder, & Mulder, 1988; Gratton, Coles, Sirevaag, Eriksen, & Donchin, 1988; Miller, 1982 Miller, , 1983 Miller, , 1985 Miller, , 1987 Miller & Hackley, 1992; Mulder, Smid, & Mulder, 1992; Osman, Bashore, Coles, Donchin, & Meyer, 1992; Smid, Böcker, van Touw, Mulder, & Brunia, 1996) . According to discrete models, a stimulus must be completely identified before a response can be prepared, so there can be no temporal overlap between these two stages. According to continuous models, however, response preparation should, under some circumstances, be able to begin before stimulus identification is finished, in which case the stages would overlap temporally. In particular, there is evidence that multiple perceptual discriminations required to make a single response may be made at slightly different speeds (e.g., Miller & Hackley, 1992; Posner, 1978) , with some perceptual information being acquired relatively quickly and other information taking longer to obtain. If continuous models are correct, it should be possible for a response to be prepared as a result ofpartial output obtained from an early perceptual discrimination, even though additional perceptual analysis might be needed to determine the response uniquely. According to discrete models, on the other hand, the results ofall perceptual discriminations become available to response preparation processes simultaneously, at the end ofthe stimulus identification stage, S9 no preliminary response preparation should occur.
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A variety ofRT paradigms have been developed to test the contradictory predictions of discrete and continuous models regarding the temporal relationship ofperception and response preparation (for reviews, see Meyer, Osman, Irwin, & Yantis, 1988, and Miller, 1988) , and further paradigms have been developed using a psychophysiological measure known as the lateralized readiness potential (LRP; e.g., Coles et al., 1985; De lang et al., 1988; Gratton, Coles, & Donchin, 1992; Miller & Hackley, 1992; Osman et al., 1992; Smid et al., 1996) . In general, the results obtained with these paradigms are in good agreement with one another, and they suggest an intermediate model. Evidence of preliminary response preparation has been found in experiments in which the stimuli have two or more relevant attributes. If early perceptual information uniquely specifies one stimulus attribute (e.g., red) but further perceptual analysis is needed to identify another relevant attribute (e.g., size), then response preparation can begin using the early information before perceptual analysis as a whole has finished (e.g., Miller & Hackley, 1992; Smid et al., 1996) . In contrast, evidence of preliminary response preparation has not been found in experiments with stimuli varying along a single attribute (e.g., size). For these experiments, stimuli are chosen so that early perceptual information partially specifies the attribute (e.g., larger than average) but further perceptual analysis is needed to determine a unique value of the attribute (e.g., largest vs. second largest). Moreover, the difference between single-attribute and multiattribute stimuli does not seem to be an artifact ofdifferences in discriminability, because discriminability differences were comparable in the two different types of stimulus sets (Miller, 1982) . Miller (1982) proposed the asynchronous discrete coding (ADC) model to account for this difference between single-attribute and multiattribute stimuli. According to the ADC model, the perceptual stage discretely outputs information in codes corresponding to fully processed stimulus attributes. Thus, it is possible for response processes to receive preliminary perceptual information only when stimuli are coded using two or more attributes, not when they are coded in terms of a single attribute. This explains the effects of attributes on preliminary response preparation, because such preparation can occur only when response processes receive the appropriate preliminary information.
Although the ADC model provides an attractive explanation ofthe difference in preliminary response preparation for single-attribute versus multiattribute stimuli, three recent studies provide reasons to doubt this model. Using three different tasks, Band and Miller (1997) , Ban and Miller (1998) , and Miller, Coles, and Chakraborty (1996) all tested for effects of preliminary information using both the LRP and a probe-R'I measure described in Experiment I. All three studies found a dissociation between these two measures: probe RTs were influenced by preliminary information, but LRPs were not. Moreover, Miller et al. (1996) found this dissociation within a TESTS OF ADC MODEL 1345 single data set (i.e., same subjects and experimental trials), ruling out the possibility that subtle changes in experimental procedure were responsible for differences in the two measures. One plausible interpretation ofthis dissociation is that the probe RT and LRP paradigms are sensitive to different kinds of effects of preliminary information. More specifically, Miller et al. (1996) argued that the probe RT must measure an effect of preliminary information on a response-related stage preceding response preparation (e.g., response selection), whereas the LRP measures an effect on more peripheral motor preparation processes. Another possible interpretation of the dissociation is that the probe-RT measure is simply more sensitive than the LRP, but this interpretation is implausible for reasons that will be presented in the General Discussion section.
The dissociation between different response-related effects ofpreliminary information raises doubt about the ADC model, because it highlights the possibility that previous studies with single-attribute stimuli might have missed an effect ofpreliminary information on a responserelated stage prior to preparation. Such studies tested for effects ofpreliminary information with the LRP and other measures of activity at the response preparation stage, but no previous study of single-attribute stimuli has used the probe-RT task, which appears to be sensitive to earlier response-related stages. According to the ADC model, preliminary information about single-attribute stimuli should not affect any response-related stage, because such information is never transmitted out ofthe perceptual process. Thus, the ADC model predicts that preliminary information about single-attribute stimuli should have no effect in the probe-RT task, just as it has no effect on the LRP. The present experiments tested this prediction by looking for effects of preliminary information about .. single-attribute stimuli in the probe-RT task.
EXPERIMENT 1
The stimuli used in Experiment I were four squares varying in the single attribute of size (approximately 8, 10, 16, and 20 mm on a side), as used in two previous studies finding no evidence of preliminary response preparation (Miller, 1983; Miller & Hackley, 1992) . In each trial, one square was presented at the fixation point. The largest and smallest squares were targets, and each required a response with the left or the right hand. The two squares of intermediate sizes were distractors, and they did not require a response.
With these stimuli, the perceptual system should have preliminary information about size before it has complete information, because each of the two distractor squares was quite similar in size to one ofthe target squares. For example, when the l ö-mm distractor is presented, perceptual analysis should reveal relatively rapidly that one of the two larger squares has been presented, but further analysis would be needed to determine whether the stimulus was the larger target or the larger distractor. (A pilot The subjects were instructed to respond to any target square (small or large) or to any target tone (left or right ear) with the left or the right hand, using the S-R assignments shown in Table I . In brief, the subjects responded to the largest square with one hand and the smallest with the other hand, but they were not to respond to the second-Iargest or second-smallest squares. A tone in either ear required a response by the hand on the same side. The assignment oflargest versus smallest square to the left or right hand was counterbalanced across subjects.
Each response consisted ofaseries ofthree keypresses in the order index fmger, ring finger, and middle fmger. We used this three-keypress response mainly for compatibility with a previous study using the LRP to test for response preparation with these same stimuli (Miller & Hackley, 1992) ; it was used in the earlier study because it had been study reported by Miller & Hackley, 1992 , supported the hypothesis that, for these squares, discriminations between the large and the small pairs are faster than discriminations between the members of a pair.) Continuous models predict that this preliminary size information would be transmitted to the response preparation process, where it would cause selective preparation ofthe response hand consistent with the preliminary information (i.e., the response hand to the largest target square is assigned). Miller (1983) and Miller and Hackley, however, found no evidence ofresponse preparation in two previously developed paradigms, and this was interpreted as support for the ADC model's assumption that partial information about the size attribute was never transmitted out of the perceptual stage. The present probe-R'I' paradigm uses a divided attention task as another way to test for a response-level effect of preliminary information about size (cf. Miller, 1985 Miller, , 1987 . Shortly after the appearance ofa distractor square, a tone was sometimes presented in one ear, and the subject was instructed to respond immediately to any tone with the ipsilateral hand. RTs to the tones can be used to detect response-level effects caused by the distractor. When the distractor is the second-largest square, for example, preliminary processing at the response level, if it takes place, would be expected to facilitate or prime the response assigned to the largest square target. In the presence of this distractor, then, a response to a tone should be especially fast ifthe tone requires the response assigned to the largest square, and it should be especially slow if the tone requires the competing response. Analogously, when the distractor is the second-smallest square, a response to a tone should be especially fast if the tone requires the response assigned to the smallest square. Thus, the comparison of interest is between trials in which the tone requires the response primed by the distractor ("consistent trials") and trials in which the tone requires the opposite response ("inconsistent trials"). If responses are faster on consistent trials than on inconsistent trials, then we can conclude that preliminary size information causes some processing at the response level, contrary to the prediction of the ADC model.
Another factor that must be manipulated within the probe-RT paradigm is the time interval between the onset of the square and the onset of the tone, termed the stimulus onset asynchrony (SOA). Even ifthe distractor square does eause some processing at the response level, this effect should be detectable only in probe RTs at medium SOAs. Ifthe SOA is too short (when the tone is presented very early), the distractor square will not yet have had an opportunity to influence response processes, so no consistency effect will be found. If the SOA is too long (when the tone is presented very late), the distractor square's influence on response processes may have faded away following recognition that the square was indeed a distraetor, as do effects of other types ofirrelevant information (e.g., Flowers, 1990; Hommel, 1993) , so again a consistency effect need not be found. This analyfound to maximize preparatory LRP (Hackley & Miller, 1995) . Responses were made on a standard computer keyboard, with these three fingers of each hand positioned at each end of the bottom row in the most natural positions. Thus, the left-hand response consisted of pressing the C, Z, and X keys, in that order, and the right-hand response consisted of pressing the comrna, slash, and period keys.
Procedure. Each session consisted of six blocks of 72 trials each, with the number of trials divided across conditions as shown in Table I . Within each condition with both a square and a tone, the trials were divided equally across SOAs.
Each trial began with a fixation cross, shown for 800 msec in the center of the screen. After fixation offset, there was an interval of 700 msec before a square appeared at the center of the screen, and it remained until the subject responded or the trial terminated. On trials with tones, the tone was presented starting at the appropriate SOA after the onset ofthe square. RT was measured from the onset of the target square or tone, whichever was presented on the trial, to the first keypress ofthe response. The trial terminated 2 sec after the presentation of the target stimulus (target square or tone) or 2 sec after the presentation of the nontarget square in no-go trials, implying that the maximum RT was 2,000 msec. Feedback was provided after each trial, in the form ofthe word correct 3.5 cm above the fixation point for 600 msec or error 3.5 cm below the fixation point for 1,200 msec, as appropriate. The next trial began approximately 1 sec after the end of the feedback.
Results and Discussion
Mean RT was somewhat elevated in the first block but was fairly consistent over the remaining five blocks. The first block was therefore considered practice and was excluded from the analysis. Incorrect trials and trials with RTs less than 200 msec were also excluded from the analysis.
No-go trials. Overall, the subjects correctly withheld the response on 93.2% ofno-go trials (i.e., a visual nontarget square without a tone), but they made false alarms on the other 6.8%. False alarms were virtually always responses appropriate to the more similar target square (6.7% ofthe 6.8%). Thus, the false alarms made on no-go trials could weil have resulted from perceptual misidentifications of a nontarget square as being the target that was more similar in size. False alarms were more likely with the second-smallest square (9.6%) than with the second-largestone(3.9%)[F(l,34) = 14.4,MS e = 39.7, p< .01], suggesting that either the discrimination between the smaller two squares was especially difficult or there was a bias to respond to small squares.
Responses to target squares. Across all subjects, only 1 ofthe 4,320 trials with visual target squares was eliminated because of an RT less than 200 msec. Responses to target squares were correct on 95% oftrials, and these correct responses had an average RT of 714 msec. Responses to small target squares were faster and more accurate than responses to large ones [RT, 698 vs. 730 together with the high rate of false alarms to small nontarget squares, this suggests that there was a particular bias to respond to small squares. Of the 5% errors to target squares, 4.7% were failures to respond, indicating a confusion with a nontarget square, and the other 0.3% were TESTS OF ADC MODEL 1347 responses with the incorrect hand or with an incorrect key on the correct hand.
Responses to probe tones. Figure 1 shows the frequency distributions ofRTs to probe tones, separately for each SOA, pooling across subjects and consistent versus inconsistent trials. As is evident in the figure, nonnegligible proportions oftrials were eliminated because ofRTs less than 200 msec at the two longer SOAs. Indeed, at these SOAs there were even responses before probe onset (i.e., RTs less than zero). These results suggest that the subjects occasionally made false-alarm responses to nontarget squares, producing responses that were too fast to be generated in response to the tones. Interestingly, the frequency distributions at the two larger SOAs also show bimodality, with especially few responses in the interval 150-200 msec after tone onset. This suggests that the onset of the tone shuts down the process generating false alarms; if this process has not already generated a false alarm when the tone occurs, it will never do so. As discussed further later, these distributions thus suggest that a 200-msec-lower RT cutoff is appropriate for eliminating false alarms made to the squares. Figure 2 shows mean correct RTs to tone probes, averaged over subjects, groups, hands, and blocks. On average, these were 26 msec faster in consistent trials than inconsistent trials, with mean RTs of 490 and 516 msec, respectively.
A 2 X 2 X 3 X 2 analysis of variance (ANOVA) of probe RT, with factors of response hand (left or right), consistency (consistent or inconsistent), SOA (350, 500, or 650 msec), and group (whether the response to the smallest square was assigned to the left or right hand) confirmed the significance of the consistency effect [F(l,34) = 24, MS e = 3,088,p < .01]. The hand X consistency interaction was the only other significant effect in this analysis, with a greater consistency effect for responses made with the left hand (34 msec) than for those made with the right hand (18 msec) [F(l,34) = 4.38, MS e = 1,638,p < .05]. In an analogous ANOVA on percent correct, the only significant effect was the hand X SOA interaction [F(2,68) = 4.86, MS e = 6.05, P < .02], reflecting higher accuracy for the right hand at the two shortest SOAs but higher accuracy for the left hand at the longest SOA. This interaction is not necessarily meaningful, however, because it could have been due to the nonlinear scaling properties of percent correct (Loftus, 1978) .
The consistency effect obtained in Experiment 1 is evidence that preliminary information about size has an effect on response-level processes and, hence, that the perceptual process transmits partial size information before the size attribute has been fully identified. Clearly, this finding is evidence against the ADC model's basic assumption that the perceptual system transmits information only about fully identified attributes. Of course, the present finding is consistent with models postulating continuous transmission of information from the perceptual process to response processes. As noted earlier, however, continuous models have difficulty explaining the absence of response preparation effects observed when preliminary information partially, rather than fully, specifies an attribute, as with the stimuli varying in size used here (Miller, 1982 (Miller, , 1983 Miller & Hackley, 1992 ). We will consider further, in the General Discussion section, what sort ofmodel might accommodate the full pattern ofresults.
Although it seems plausible to explain the consistency effect in terms of preliminary response preparation, it is necessary to consider another alternative artifactual explanation ofthe effect.? Suppose that subjects sometimes make fast false-alarrn responses to no-go squares, responding to them as if they were targets of the similar size. These fast responses would be correct-and therefore included in the analysis-far the consistent condition but not for the inconsistent one. The consistent condition 's mean RT would thus be artifactually reduced, relative to the inconsistent condition's, by the inclusion ofthese fast false-alarm responses. Three aspects ofthe data rule out this alternative explanation. First, Figure 3 shows vincentized cumulative distribution functions (CDFs) ofRT for the consistent versus inconsistent condition at each SOA. If the difference in means were due to the inclusion of a few fast false alarms only in the consistent condition, the CDFs should differ substantially at the lowest percentiles but should converge. Contrary to this prediction, Figure 3 shows that responses were faster in the consistent condition than in the inconsistent one throughout virtually the full range of the RT distributions. Second, the consistency effect is still highly significant (p < .01) and in fact numerically slightly larger (30 msec) if error trials are included in the analysis. Including errors would allow inconsistent trials to benefit from the hypothesized fast false alarms just as much as consistent trials and thus would eliminate the consistency effect ifthis artifact produced it. Thus, this analysis shows that the consistency effect is still strong even ifthe biasing effects of fast guesses are allowed to contribute equally to consistent and inconsistent trials. Third, as discussed earlier in connection with Figure 1 , the frequency distributions ofRTs to probe tones suggest that the lower cutoff of 200 msec was effective in excluding all false alarms from the analyses ofthe means and CDFs ofRT.
Numerically, the consistency effect decreased monotonically across SOAs (33, 23, and 22 msec at SOAs of 350,500, and 650 msec, respectively), but neither the consistency X SOA interaction nor its linear component was statistically reliable. One extremely problematic interpretation ofthis pattern is that the consistency effect does not reflect partial information after all, but, instead, it arises after complete perceptual analysis ofthe square's size. On this interpretation, the similarity in size of a known nontarget to one particular target might prime the response associated with that target. This interpretation seems somewhat unlikely because the consistency effect develops so quickly that it is already strong at an SOA of 350 msec. Given that the mean RT to visual targets was EXPERIMENT 2 714 msec, it seems unlikely that subjects would have finished identification of a nontarget size by the time they had generated a response to a probe tone at that SOA. Given the importance ofthis "complete information" hypothesis, however, Experiment 2 was a further test of it.
A second possible explanation for the insensitivity of the consistency effect to SOA is that the expected interaction was removed by averaging across subjects who showed the consistency effect at different SOAs. To evaluate this explanation, we conducted an ANOVA treating subjects as an experimental (i.e., fixed-effects) factor and using block-to-block variation within a subject and condition to estimate error variance. This analysis indicated that the SOA X consistency interaction did not vary significantly from one subject to the next (F< 1).
Finally, a third possible explanation for the absence of a consistency X SOA interaction is that the consistency effect is fully developed by the shortest SOA included in the experiment (350 msec) and that it is long lasting relative to the present range of SOAs. In principle, the effect might be long lasting either because recognition of the square as a distractor takes quite a long time or because the consistency effect fades slowly once the square is recognized to be a distractor. Given that approximately 50% ofall RTs to target squares were less than the longest SOA (650 msec), however, it seems likely that recognition of a square as a distractor must often be completed by the longest SOA. Thus, the available data appear to favor the explanation that the consistency effect fades slowly relative to the present range of SOAs. Experiment 2 included a larger range of SOAs to look at this interaction in more detail.
In addition to providing evidence of response processing using partial information about size, the present results also provide further evidence that there are dissociations among different types of response processes (cf. Miller et al., 1996) . Specifically, the present evidence that partial information about size can cause response processing ofthe sort measured by the probe-RT task conflicts with previous evidence indicating that it does not cause more peripheral response preparation of the sort measured in other paradigms (e.g., Miller & Hackley, 1992) . The most obvious explanation ofthis pattern ofresults is that there are at least two dissociable types of response processing, in which case multiple measures are clearly needed to investigate the influence ofpartial information on responses.
The consistency effect demonstrated in Experiment 1 suggests that, contrary to the ADC model, partial information about stimulus size can be used for at least some response-level processing before complete size inforrnation is available. This conclusion is weakened, however, by the absence ofthe predicted interaction between consistency and SOA. consistency effect does occur before complete information about size is available, it is necessary to show that the effect dissipates at long SOAs.
Experiment 2 was a replication ofExperiment I, with two changes that were expected to increase the consistency X SOA interaction ifthe consistency effect is indeed produced by partial information about size. First, it used a wider range ofSOAs (100, 350, 700, and 1,200 msec) to provide astronger test for interaction by monitoring the onset and decay of preparation over a longer time interval. The range ofSOAs (350-650 msec) used in Experiment I might have been too narrow to see a clear change in the consistency effect.
Second, as shown in Table 1 , Experiment 2 included three times as many inconsistent trials as consistent ones. The preponderance of inconsistent trials was used so that partial and fuIl information would favor opposite responses. Partial information favored the consistent response, as in Experiment 1. Given partial information that the visual stimulus was one of the smaIler two squares, for example, there was a 75% chance that the consistent left-hand response would be required (i.e., [32 + 4] I [32 + 4 + 12]). FuIl information about a visual nontarget, however, actually favored the inconsistent response. Given complete information that the visual stimulus was specificaIly the second-smaIlest square, for example, there was a 75% chance that the inconsistent right-hand response would be required (i.e., 12/[4 + 12]).
Given that partial and full information favored opposite responses, an even stronger interaction of consistency and SOA would be predicted if partial information does indeed cause a consistency effect. Partial information would favor the consistent response, as in Experiment 1, leading to a consistency effect at short-to-medium SOAs. Once full information was available, however, the preponderance ofinconsistent trials gives the subject an incentive to undo the initial response-level processing, thus reducing and possibly reversing the consistency effect at long SOAs.
Quite a different result would be predicted ifthe consistency effect arises after size analysis is finished, however, as asserted by the problematic "complete information" interpretation of Experiment 1. According to this interpretation, there should be no consistency effect at short SOAs, because full information is not yet available to influence response processes. At longer SOAs, full information is available, and the inconsistent response should be favored because of the preponderance of inconsistent trials. However, there should be no SOA at which consistent trials are faster than inconsistent ones; therefore, there should at no SOA be a positive consistency effect as observed in Experiment 1.
Method
The subjects were 31 students recruited from the same pool as those used in Experiment I; one was excluded because of an excessive error rate. The stimuli, apparatus, and procedure were the same as those used in Experiment I, except as folIows: There were six blocks of96 trials for each subject. As shown in Table I , each block included 64 trials with visual targets (32 ofeach size; i.e., requiring left-vs. right-hand responses). It also included 32 nontarget squares: 8 were accompanied by consistent tones (I per SOA for each response hand), and 24 were accompanied by inconsistent tones (3 per SOA for each response hand). No-go trials were ornitted from this experiment in order to increase the number of trials in the conditions of interest, The SOA from square onset to tone onset was 100,350, 700, or 1,200 msec, with these SOAs tested equally often.
Results and Discussion
As in Experiment 1, the first block was considered practice and was not included in the analysis. Incorrect trials and trials with RTs less than 200 msec were also excluded from the analysis.
Responses to target squares. Across all subjects, only 2 of the 9,600 trials with target squares were excluded because ofRTs less than 200 msec. Correct responses to target squares (98.1 %) had an average RT of 749 msec. Responses to small target squares were significantly faster than responses to large ones [713 vs. 785 msec, F( 1,28) = 16.5, MS e = 4,732,p < .01]; they were also 0.7% more accurate, but this difference only approached significance (p < .10).
Responses to probe tones. A preliminary examination ofRTs to tones revealed that the subjects made a substantial number of false alarms to nontarget squares. Fig- 
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ure 4 shows the frequency distributions of observed RTs at each SOA, pooling together consistent and inconsistent trials. Many of the RTs were negative, especially at the longer SOAs, indicating that the subjects often responded even before tone onset. Clearly, these responses must have been false alarms. Table 2 shows that the falsealarm responses were almost all consistent with the early information about size, as in Experiment 1, which indicates that they probably resulted from perceptual misidentifications of the nontarget size as the more similar target size. The false-alarm rate in Experiment 2 was considerably higher than that in Experiment 1, however, especially at the longer SOAs. It seems plausible that the absence ofno-go trials in this experiment caused the subjects to relax the criterion for accepting a square as a match to a target. Moreover, the increase in false alarms over SOAs suggests that the subjects continually reevaluated the stimulus as a possible target, often accepting it as a target even after it had initially been classified as a nontarget (see Levy & Pashier, 1995) . Most importantly, however, the frequency distributions at all four SOAs suggest that a 200-msec-Iower cutoff on RTs would successfully eliminate the false-alarm responses from the analysis, so that the means of the remaining consistent and inconsistent trials would not be contaminated by these false alarms. As in Experiment 1, the frequency distributions reveal a clear disappearance offalse alarms in the range 150-200 msec after tone onset, again suggesting that tone detection terminates the false-alarm process. For each subject, mean RTs to tone probes were computed as a function of SOA and consistency, averaging across blocks and hands and excluding errors and trials with RTs less than 200 msec. Figure 5 shows the means of these values across subjects. The individual subject means and corresponding percents correct were entered into ANOVAs with factors of group (response hand to which the smallest square was assigned), SOA, and consistency. The analysis of RTs yielded only three significant sources of variance, all of which are apparent in -1000 -500 0 500 1000
-1 000 -500 0 500 1000 fast false alarms to the squares. First, Figure 6 shows that the large consistency effects at the shorter SOAs were not caused by a few very fast false alarms stretching the lower tail ofthe RT distribution in the consistent condition relative to the inconsistent one. Instead, the consistency effect is present throughout most or all of the RT distribution. Second, the consistency effect was again highly significant and slightly larger when errors were included in the analysis. Third, as shown in Figure 4 , the frequency distributions of RTs to tones again suggested that the 200-msec cutoff was effective in eliminating false alarms.
The decrease in the consistency effect with increasing SOA provides strong evidence that this effect arises from partial, rather than full, analysis ofthe nontarget square. The effect is large and highly significant at an SOA of 100 msec, where perceptual analysis of the nontarget square would virtually never be complete by the time the tone was presented, but small and nonsignificant at an SOA of 1,200 msec, where perceptual analysis would virtually always be completed before tone onset. This pattern is most easily explained by the assumption that priming is caused by information obtained during preliminary analysis ofthe square's size and that this prim- Note-c-A false alarm was defined as a response with RT less than 200 msec relative to tone onset. The response was c1assified as consistent with the size information ifit was made with the hand assigned to the target square of the more similar size; the response was c1assified as inconsistent if it was made with the other hand.
ing starts to dissipate after the square is determined to have a nontarget size. The preponderance ofinconsistent trials might have helped cause the priming effect to dissipate. Because of this preponderance, full information about a nontarget square would suggest-at least on probabilistic grounds-that the inconsistent response should be prepared more than the consistent one. That the consistency effect did not actually reverse, as might have been expected, could suggest either that the longest SOA was not sufficient für such areversal or that the priming mechanisms were not sufficiently sensitive to probabilities to behave as an ideal performer. A related study by Neely (1977) supports the latter interpretation; he found that automatic priming effects could be reversed within SOAs of 650 msec. Neely did not rely on an implicit adaptation to differential probabilities, however, but instead explicitly instructed his subjects to try to reverse the automatic priming on every trial. The comparison with Neely's study and the present results is extremely tentative, however, because Neely's study examined a type of semantic priming that is quite different from the response priming measured here.
cating that partial information about a single attribute does not cause any of the types of response preparation examined previously (e.g., Miller, 1982 Miller, , 1983 Miller & Hackley, 1992) . There are at least three possible explanations for these contrasting results, and further research will be required to decide the extent to which each is responsible for the contrast. One explanation is that the different paradigms are sensitive to different types of response processing, and these different types of response processing are, to some extent, dissociable. It appears that this explanation must be at least part ofthe story, because there is direct evidence that some types of response processing may take place and others may not take place, even on the very same experimental trials (Miller et al., 1996) . At this point, für example, it appears likely that probe RT is sensitive to priming of responses at the responseselection stage, whereas other measures, such as the LRP, are sensitive to more peripheral motor preparation. Ifresponse priming is the only sort of preparation to occur using partial information in some cases (cf. Reeve & Proctor, 1984 , then probe RT might be the only measure capable of revealing such response-level activity. A second possible explanation is that probe RT is simply more sensitive overall than previous measures. If so, previous null results might have been obtained simply because paradigms had insufficient statistical power to detect the response-level processing that actually did occur. This explanation does not seem very likely in the present case, however, because null results were obtained in two different paradigms using both RT and LRP measures (Miller, 1983; Miller & Hackley, 1992) , and because large and highly significant effects were obtained in those paradigms when response preparation could be based on partial information that uniquely specified a stimulus attribute. 
The two experiments reported here provide new evidence that is clearly at variance with the predictions of the ADC model suggested by Miller (1982) . Specifically, the results indicate that partial information about a single stimulus attribute (i.e., the size ofa square) is transmitted from perceptual to response processes, where it can have effects measurable with the probe-RT paradigm. Specifically, partial information facilitates responding to tones requiring the same responses most consistent with the partial information, relative to tones requiring the opposite response. This consistency effect is evidence that subjects carry out some response processing based on a partial size discrimination indicating that the stimulus is one of the larger two squares or one of the smaller two, before the exact size of the square has been determined. ity is that subtle differences in the experimental paradigms may influence the strategies used for stimulus identification and thereby change processing from discrete to continuous, or vice versa (cf. Coles, Smid, Scheffers, & Otten, 1995; De lang et al., 1988; Gratton et al., 1992) . Although it seems quite likely that strategy differences playa role, this explanation is also unlikely to be the whole story. Miller et al. (1996) found evidence of response preparation using the probe-RT measure but not psychophysiological measures within the very same data set (i.e., same subjects and experimental trials); so this discrepancy cannot be attributed to a shift in strategy.
In combination with previous results, the present findings indicate that none ofthe models previously described (discrete, continuous, or ADC) adequately explains the temporal relationship of perceptual analysis and response preparation. Discrete models are incompatible with response preparation based on any type of partial information and are thus disconfirmed by both present and previous evidence (e.g., Miller & Hackley, 1992) of such preparation. Continuous models predict that it should be possible to prepare responses based on any partial information about a stimulus; so they are compatible with the presence ofresponse-level activity in the present experiments but not with the absence of more peripheral response preparation in previous studies with single-attribute stimuli (Miller, 1982 (Miller, , 1983 Miller & Hackley, 1992) . Finally, the ADC model predicts that response-level processing should occur if and only if partial information uniquely specifies a stimulus attribute, as has been observed. However, this model also suggests that no response processing of any kind should occur without specification of an attribute; thus, it is incompatible with the consistency effects observed in the present experiments.
The entire pattern ofpresent and previous results seems to require a more complicated model than any previously considered. In particular, its main features seem to include (1) perceptual output about partially specified attributes as weIl as fully specified ones, (2) some response-level priming based on any available preliminary information, and (3) peripheral response preparation based only on preliminary information that fully specifies a stimulus attribute. Note that the model must incorporate a distinction between at least two different types of response processing, a distinction found in neither continuous nor ADC models as stated previously. At present, however, it is difficult to be more specific than this about the appropriate model, partly because of uncertainty about the nature ofthe two types ofresponse-level processing that have been dissociated (priming and preparation). Following the analyses ofMiller et al. (1996) and Rosenbaum (1985) , for example, these might correspond to central selection ofa motor program (i.e., response selection) and peripheral specification of free parameters within that program (i.e., response preparation). Perhaps, then, the system would use partial information within an attribute to begin the central selection process, but it might require complete attribute information to finish central selection and begin peripheral specification. Unfortunately, at this point, we cannot explain why partial information about an attribute can support response priming but not more peripheral preparation, whereas complete information can support both. One possibility is that partial information about an attribute only biases the response selection stage, but it does not produce a definitive decision of the sort that might be required for transmission to the response preparation stage. Another possibility is that response preparation is not carried out with singleattribute stimuli because the response preparation stage requires the involvement of a limited-capacity mechanism that is busy with other processing in tasks with these stimuli (see Band & Miller, 1997; Ilan & Miller, 1998) .
Although the present results seem to require considerable extensions to the ADC model of the sort just described, there are two possibilities that might be developed to try to maintain the present version of the model. First, it could be argued that the consistency effect results entirely from processes taking place after recognition of the distractor is complete, not on partial information about the distractor (cf. MiIler, 1985) . It is difficult to explain, on this view, why an item known to be a distractor should favor one response or the other, but perhaps such an explanation could be developed. In addition, such an expla-TESTS OF ADC MODEL 1355 nation does not seem promising in view of the fact that the consistency effect is obtained even at relatively short SOAs, at which distractor recognition would rarely be finished in the first place. Most importantly, this view seems completely ruled out by the results ofExperiment 2, which showed faster consistent responses obtained even with a preponderance of inconsistent trials. In this case, subjects would almost certainly be encouraged to prepare the inconsistent response rather than the consistent one, after full information was available. Second, as noted previously (Miller & Hackley, 1992 ), the ADC model could be modified to handle such results by supposing that a sufficiently flexible information processing system would allow subjects to create and use a code for the partial information that is available (Miller & Hackley, 1992) . In the present experiments, for exampie, the subjects might have established a code for the concept of"one ofthe larger two squares" and another for "one of the smaller two squares." Discretely activating one of these codes would permit response preparation, and a subsequent exact discrimination of size, carried by a separate code, could indicate whether the response should be made or not. As Miller and Hackley pointed out, however, the ad hoc construction ofcodes to fit the model to experimental data is essentially circular. Even more importantly, this modification of the model does not address the dissociation between different measures of response-Ievel processing: If subjects do form such codes, why isn't evidence ofresponse preparation found in other measures besides the probe RT? Clearly, then, further research will be needed to specify the effects of different types ofpartial information on response-level processes.
